INTRODUCTION

46
The controlled low-strength material (CLSM) is a cementitious material [1] [2] [3] [4] [5] 
50
For once, it should be highly fluid to allow the filling of tight and restricted areas in 51 which placing and compaction would be otherwise difficult [2] . Nevertheless, it should 52 not be excessively fluid so the material may keep in place in trenches with a slope. The
53
CLSM must also have a minimum strength to endure the loads applied over the trench, 54 without achieving excessively high values that compromise the reexcavation for repair 55 and maintenance of the installation. Typically, a compressive strength of less than 8.3
56
MPa is needed, being higher than 2.0 MPa [1, 3] in structural fills and between 0.7 and 57 1.4 MPa in backfill with small structural responsibility [1] . Although the achievement 58 of such a small strength could seem trivial, the sustained accomplishment of low values 59 within the tight range specified represents a challenge.
60
Limited information is available in the literature regarding mixture-proportioning 61 methods for the definition of the CLSM based on the requirements of each application.
62
The methods commonly used for similar materials like concrete do not apply given the The objective of this paper is to propose a rational mixture-proportioning approach to 68 define the optimized CLSM composition depending on the requirements found in each Step 1: Packing optimization 86 The packing of the solid system has significant effect on the rheological and mechanical 87 properties [6, 7] of CLSM. A higher packing tends to reduce the relative distance 88 between particles, producing mixtures more stable in the fresh state, less prone to 89 segregation and with higher compressive strength, thus reducing the cement 90 consumption [6, 7] . Therefore, identifying the highest packing is essential for the next 91 steps, in which the workability and the mechanical properties are assessed.
Since aggregates are the main components of the mixture (almost 80% of the total 93 volume), this step aims at finding the proportion of aggregates that gives the highest 94 packing in terms of solid concentration (). Such parameter is calculated with Eq. 1,
95
taking V T as the total volume and V S as the volume of solids (binders + aggregates).
96 [1] The wet packing test should be performed with several proportions of aggregates until 
100
Step 2: Workability optimization
101
The next step consists of determining the water demand to achieve the desired (Fig. 2b) . The third is to separate the solid grains and provide 107 mobility (Fig. 2c) , increasing the fluidity of the system. Step 3 kg/m³ and 100 kg/m³ should be enough to achieve compressive strength ranging from 153 0.5 MPa and 2.5 MPa.
154
To avoid affecting the optimum workability in this process, the proportion between added to some of the mixtures to evaluate its influence on the workability.
171
The CLSM were produced in a 5 liter mixer. First, the solid components and the water 172 were mixed for 2 minutes. Then, the plasticizer -if used -was added and mixed for 2 173 additional minutes. Notice that aggregates were in saturated dry surface condition prior 174 to the mixing process. This intends to mitigate the influence of the water absorption in 175 the results.
176
The description of the experimental program and the results obtained follow the same 177 sequence of phases defined for the mixture proportioning methodology.
178
Step aggregates that provides the maximum packing. with all aggregate proportions considered in Step 1. Therefore, the same mixture 210 compositions from Table 1 were used to study the optimization of the workability, 
Results and discussions
215
According to [1] , mixtures may be classified as with low (for diameters smaller than 
242
Step 3: Optimization of the cement content 243 
Mixture composition and test procedure 244
In
Step 3, the cement content that provides the desired compressive strength is 245 determined by using compositions with the optimum aggregate proportion and W/S 246 derived from Steps 1 and 2, respectively. As shown in Table 2 , CLSM with cement The CLSM may suffer a drying process with time. Part of the water is evaporated and for the case study is represented by the composition 7 from Table 2 .
289
To show the influence of the drying process, an additional set of specimens from 290 composition 8 were stores stored at 20 ºC and 98% of relative humidity, thus limiting 291 the loss of moisture from the CLSM. Under these conditions, the compressive 292 strengthes measured at 1, 7 and 28 days were 1.9, 1,9 and 2.1 MPa, respectively. Even 293 though the increase is minor, notice that no significant reduction occurs at 28 days.
294
Such results confirm the influence of the drying process in the compressive strength.
295
This should be considered when defining the curing conditions for the specimens, which
296
should be representative of the expected in reality. admixtures.
317
The following conclusions are derived from this study.
318
 The W/S should be used as a reference parameter in the definition of the CLSM 
330
Acknowledgment
331
The authors thank the company Gas Natural Fenosa for the financial support and, in 
